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@ An image scanning and reading apparatus com- 
prises a transparent drum (1) fro supporting a plural- 
ity of originals (2. 2) and calibration reference por- 
tions (3, 3 ) serving as references in reading tiie 
respective originals. A scanning head (5) is provided 
for scanning the rotating drum and an arithmetic unit 
(21) has a memory (20) for storing the positions of 

attie calibration reference portions or ttie drum. The p^ u ^ '5 

position of tiie calibration reference portions Is 6-> fa ^=^^^ ^\^^7 ) 
stored prior to tiie reading of tfie originals and. when ^_ ^p^=i=^ — 
2*1® scanning Is started, the scanning head is moved ^ 
§to the stored position of a first calibration reference 
portion, the calibration is effected and the con-e- 
2 spending original is read taking the calibration data 
(tf)into account. The scanning of each successive origi- 
nal is similariy preceded by re-catibration using tiie 
^corresponding reference portion, each calibration op- 
CLeration taking place while the drum is still rotating. 
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"Calibrating an Image scanning and reading apparatus** 



THIS INVENTION relates to a method and ap- 
paratus for calibrating an image scanning reading 
apparatus such as a reproduction colour scanner 
and more specifically to a method and apparatus 
for calibrating the reading apparatus when a plural- 
ity of originals are to be read in succession. 

Rgure 1 of the accompanying drawings is a 
schematic diagram of a colour scanner which re- 
presents an example of a conventional image read- 
ing apparatus. Referring to Figure 1. a conventional 
colour scanner comprises a transparent rotary 
drum 1 for supporting thereon a transparent origi- 
nal 2 to be read, an illuminating means 37 includ- 
ing a transmission illuminating system for illuminat- 
ing the original 2 from within the rotary drum, and a 
scanning head 40 for receiving light transmitted 
through the original 2 to convert the same into an 
electrical image signal. 

The illuminating means 37 includes a halogen 
lamp and a condenser lens 39 for condensing the 
light beam for the lamp 38. The scanning head 45 
comprises a pickup lens 31 for receiving the trans- 
mitted light from the image 2, a colour separation 
system 41 for separating the fight received by tiie 
pickup lens into different cotours. and photosen- 
sitive devices 6 each for receiving light of a re- 
spective colour and converting the same into elec- 
trical cuffent. The colour separation system 41 
comprises a half mirror 32, colour-separating dich- 
roic mirrors 33 and 34, a total reflection mirror 35 
and filters 36. The dichroic mirror 33 detects red. 
the dichroic minror 34 detects blue and tiie total 
reflection minror 35 detects green light 

The above description applies to a transparent 
original 2. If tifie original 2 is not transparent, an 
Illuminating means including a reflective illuminat- 
ing system is employed. 

The operation of ttie known cote»ur scanner in 
reading an original will now be described. The 
original 2 is mounted on the surface of the rotary 
drum 1. A portion of the original 2 is designated as 
a reference portion. The reference portion is a 
highlight portion of tiie original. Namely, in the case 
of a transparent original, a completely transparent 
portion will be selected as tiie reference portion 
and, in case of a reflection original, a white portion 
will be selected as the reference portion (the refer- 
ence portion will be hereinafter referred to as a 
calibration reference portion). The outputs from the 
various photosensitive devices should be the same 
when light is received from tiie calibration refer- 
ence portion. However, in the above described 
optical system for effecting colour separation, each 
of ttie dichroic minrors 33 and 34, ttie colour filters 
36, tiie photosensitive device 6 (photomultiplier 



tubes or the like) have respective independent 
spectral characteristics. Therefore, light from the 
ak^ove described calibration reference portion does 
not provide the same output for each colour. 

5 Therefore, in order to obtain the same output 
signal for each colour, white balance calibration 
(hereinafter refenred to as calibration) is carried out 
by setting the sensitivity of each photosensitive 
device beforehand. 

70 In tiie case of a transparent original, a transpar- 
ent portion near the image is employed as the 
calibration reference portion and in the case of a 
refiection original, a white portion near tiie image is 
employed as the calibration reference portion, in 

15 order to avoid any influence of flaws or unevenness 
of transmission through a colouriess transparent 
film employed to attach the original onto the rotary 
drum, or the influence of variations in the transpar- 
ency of the rotary drum. 

20 Recentiy, attempts have been made to auto- 
mate various operations of the image scanning and 
reading apparatus. For example, a plurality of origi- 
nals may be read in succession. However, when a 
plurality of originals are set on tiie drum of the 

25 colour scanner, an exact output signal cannot be 
obtained if only a single calibration reference por- 
tion near one of the originals is employed. The 
reason for this is that the sensitivity of tiie optical 
system at tiie different original positions fluctuates 

30 due to tiie above described unevenness of trans- 
mission and the like. Therefore, a respective refer- 
ence portion needs to be used for each original to 
effect satisfactory calibration. However, if the white 
balance calibration of the photosensitive portion is 

35 carried out by stopping the drum for each original 
as in the prior art, the operational efficiency of the 
apparatus k>ecomes extremely low. 

When the magnification has to be set at a 
desired value in cok)ur separation, reading aper- 

40 tures provided at the photosensitive devices are 
automatically exchanged or switched in order to 
provide proper pixel dimensions. The light intensity 
at tiie photosensitive devices changes in conse- 
quence of the exchange of the aperture, so tiiat re- 

45 calibration needs to be canied out However, if tiie 
drum has to be stopped every time, the operational 
efficiency of the apparatuses again reduced. 

Each photosensitive device for converting the 
separated colour into an electric image signal has a 

50 sensitivity characteristic and a fi^equency character- 
istic. As is well known, the latter characteristic is 
associated with tfie responsiveness of the device to 
a changing signal: Therefore, normally, the signal 
level at ttie calibration reference portion picked up 
witti ttie rotary drum stopped differs slightly from 
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the signal level picked up with the drum actually 
rotating. Thus, if the calitiration is carried out with 
the drum stopped, this difference needs to be 
compensated for. 

An object of the present invention Is to provide 
an image reading apparatus which is able to be 
automated. 

Another object of the present invention is to 
provide an image reading apparatus capable of 
improved operational efficiency. 

A further object of the present invention is to 
provide an image reading apparatus capable of 
providing accurate colour separation signals. 

According to the invention, in one aspect there- 
of* there is provided an image scanning and read- 
ing apparatus, comprising: an originals holder for 
supporting a plurality of originals and calibration 
reference portions which correspond to respective 
originals and serve as references in reading the 
con^esponding originals; a scanning head for scan- 
ning the originals holder optically to read the origi- 
nals and calibration reference portions; scanning 
head position detecting means for detecting the 
position of the scanning head; storage means for 
storing the positions of the calibration reference 
portions; calibrating means for calibrating the scan- 
ning head for reading an original in dependence 
upon the reading signal obtained from the respec- 
tive calibration reference portion; and means for 
comparing the detected position of the scanning 
head and the stored positions of the calibration 
reference portions and actuating the calibrating 
means upon a coincidence between the detected 
and stored positions. 

Information on the calibration reference por- 
tions and the like is input to the memory prior to 
the scanning of images, and the scanning head 
reads the Image based on the data. Therefore, in 
contrast to the prior art, ttie scanning head need 
not be stopped during reading of a succession of 
images. Consequently, an image scanning input 
device can be provided which can be automated 
and whose operation efficiency can be improved. 

In another aspect, the invention provides a 
method of calibrating an image scanning reading 
apparatus in which a plurality of originals supported 
by an originals holder are scanned and read by a 
scanning head, comprising tiie steps of: storing the 
position of each of a plurality of calibration refer- 
ence portions supported by the originals holder 
and each serving as a reference in reading a 
corresponding original; starting the scanning; de- 
tecting the position of the scanning head; compar- 
ing the detected position of the scanning head and 
the stored positions of the calibration reference 
portk)ns; upon detection of a coincidence tietween 
the position of the scanning head and the stored 
position of a calibration reference portion, detecting 



a reading signal from the calibration reference por- 
tion; calibrating the scanning head in dependence 
on the reading signal obtained from the calibrab'on 
reference portion; and reading the conresponding 

5 original by the thus calibrated scanning head. 

The light intensity signals from the calibration 
reference portions are thus detected during scan- 
ning of the scanning head. Therefore, the reference 
signals are detected in the actual reading state. 

to enabling more practical calibration. Consequently, 
precise colour separation can be carried out. 

In order that the invention may be more readily 
understood, embodiments thereof will now be de- 
scribed by way of example, with reference to the 

75 accompanying drawings, in which: 

Rgure 1 is a schematic diagram showing the 
structure of a colour scanner representing an ex- 
ample of a conventional image reading apparatus; 
Figure 2 is a block diagram showing the 

20 structure of an image reading apparatus embody- 
ing the present invention; 

Figure 3 is a flow chart showing the opera- 
tion of the image reading apparatus embodying the 
present invention; and 

25 Rgure 4 is a diagram of wavefonms of var- 

ious signals before and after calibration of the 
apparatus. 

Refening firstly to Figure 2 which is a block 
diagram of the structure of an image scanning and 

30 reading apparatus emljodying the present inven- 
tion, a description will be given of the application of 
the present invention to the cotour scanner shown 
in Figure 1 . Since the overall structure of the colour 
scanner itself Is the same as that of Rgure 1. the 

35 same portions are denoted by the same numerals 
and the description thereof will be omitted. 

The rotary drum 1 is rotatable at constant 
speed by a driving apparatus (not shown) and the 
instarrtaneous angle of rotation of the drum is de- 

40 tected by a rotary encoder 4. One or a plurality of 
originals 2 are directly applied to the rotary drum 1 
or applied underneath a transparent flexible resin 
film wound on the drum. Rgure 2 shows two origi- 
nals 2. 2 mounted on the drum. Calibration refer- 

45 ence portions 3 and 3 are mounted on the drum 
near the originals 2 and 2'. In the case of a 
transparent original 2. 2, the reference portion 3. 3' 
is transparent In the case of a reflection original 2, 
2' tf>e reference portion 3, 3' Is a white region. The 

50 leading and trailing edges of the reference portions 
3 and 3' in the rotary direction (main scanning 
direction = Y direction In the figure) may be cov- 
ered by strips of light intercepting tape (the 
hatched portions in the figure) in order to facilitate 

55 visual monitoring. 

A linear scale 15 which operates in association 
with the head 5 is provided on a scanning head 5 
which is movable in the axial direction of the rotary 
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drum 1. The position of the scanning head 5 in the 
axial direction (subscanning direction = X direction 
in the figure) of the rotary drum 1 is detected by 
the linear scale 15. As shown in Rgure 1, the 
scanning head 5 comprises an original illuminating 
apparatus and photosensitive means for colour 
separation. The photosensitive means comprise a 
spectral optical system for separating the light re- 
ceived through the picked lens into three primary 
colours and a plurality of electrical converter cir- 
cuits for independently converting tiie separated 
light signals into electrical red (R, green (G), blue 
(B) and unsharp (U) signals. The converter circuits 
are simitar and only one of the circuits is shown in 
Rgure 2. 

Each of tiie converter circuits comprises a 
photomultiplier tube 6 which converts the light in- 
cident thereon into an electrical signal, a driving 
means 7 for driving the tube 6. an amplifier 8 for 
amplifying ttie output signal of the photomultiplier 
tube 6. and a sensitivity setting means 9 for adjust- 
ing and setting the sensitivity of tiie photomultiplier 
tube 6. The sensitivity setting means 9 comprises a 
sample and hold circuit 10 for sampling and hold- 
ing the output from tiie amplifier 8 in response to a 
signal from an arithmetic unit 21 . a gate circuit 1 1 
for transmitting the held output sample to tiie am- 
plifier 12. and a motor 13 which Is driven by the 
amplifier 12. The driving means 7 comprises a 
variable resistor 14 with the slider thereof driven by 
the motor 13. and an intemal high voltage 
(represented by -HV) is divided by tiie variable 
resistor 14 to determine the voltage applied to the 
photomultipler tube 6. 

A control t>oard 16 and a display 17 are con- 
nected to the unit 21 to enable an operator to input 
instructions and to enable the operation of the 
apparatus to be checked visually. The arithmetic 
unit 21 of tiie present apparatus comprises a ROM 
19 for storing the program to op>erate the appara- 
tus, a RAM 20 for temporary storage and a CPU 
18. 

The operation of the apparatus of Rgure 2 will 
be described with reference to tiie flow chart of 
Rgure 3. 

Rrst prior to tiie reading of the original, tiie 
position of calibration reference portton 3 is set in 
the following manner. The rotary drum 1 and the 
scanning head 5 are driven or manually operated, 
whereby the reading position P of the scanning 
head 5 is positioned at a point A In the reference 
portion 3. An instruction to log the position is input 
using tiie input means 16. The CPU 18 counts the 
outputs from the rotary encoder 4 and from the 
linear scale 15 during displacement of the drum 
and scanning head, and ttie counted values are 
stored in ttie RAM 20 as tiie co-ordinates P(a. Ya) 
of the point A in the calibration reference portion 3 



on the rotary drum 1 in responsive to the said 
instruction (SPl). In tiie same way, ttie co-ordinates 
(Xgi, Yqi) and Xg2. Yg2) of two and points Gi and 
Q2 of the original 2 are stored in the memory 
5 (SP2). The respective positions of the calibration 
reference portion 3' and of the corresponding origi- 
nal 2 are stored in the RAM 20 in ttie same 
manner. 

When ttie position information of tiie respective 

70 originals and the corresponding reference portions 
has all been input (SP3). ttie apparatus starts its 
scanning operation (SP4). Thus, the rotary drum 1 
is rotated at a constant speed, and the scanning 
head 5 is driven in the X direction. At the same 

75 time, the position output of Uie linear scale 15 and 
the position Xa in the X direction of the point A 
stored in the RAM 20 are compared with each 
ottier. When they coindde with each other (SP5). it 
is determined that tiie scanning head 5 has 

20 reached a position opposite the position Xa in tiie 
X direction of ttie point A, and ttie calibration op- 
eration is carried out at ttiis position (SP6). The 
scanning head 5 is stopped until ttie calibration is 
finished (SP7), while the rotary drum 1 is still 

25 rotated. 

Rgure 4 shows the waveforms of the signals 
before and after this time to* in which (a) repre- 
sents ttie output from the amplifier 8 which con- 
stitutes a reading signal, (b) denotes a sample and 

30 hold signal output from a signal generating portion 
22 of the unit 21 in response to an instruction from 
ttie CPU 18 based on ttie data written in tiie RAM 
20 at the time to. which signal is transmitted to the 
sample and hold circuit 10 by the line S^'H in 

35 Rgure 2 and (c) shows the output of the amplifier 8 
which is heki as a sample by ttie sample and hold 
circuit 10 as a result. The signal level which was 
hekf as a sample ttie last time is nonmally different 
from ttie CAL level of this time as shown by Ci and 

40 Cz. for respective calibrating positions as descrifc)ed 
above. The calibration instruction signal output 
from the CPU 18 is transmitted to ttie gate circuit 
11. 

In tills manner, ttie sample and hold circuit 10 
45 samples the signal level of tiie reference portion 3 
output from the photomultiplier tube 6 as long as 
the sample and hold signal is "H". and then holds 
the sampled light intensity value when the signal 
becomes "L", as shown in Rgure 4(c). When tiie 
60 output signal of the sample and hold circuit 10 is 
applied to the motor 13 through the gate circuit 11. 
the slider of the variable resistor 14 is driven to 
adjust the sensitivity of ttie photomultiplier tube 6. 
so that ttie output level of the respective photomul- 
55 tiplier tube 6 when upon detection of the reference 
portion 3 is adjusted to a prescribed value. The 
prescribed value is a value which enables proper 
light conversion by the photosensitive means for 
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respective colours and enables setting of the sen- 
sitivity of the photosensitive means of respective 
colours at the same value. "Proper conversion" 
means that the light intensity and the output elec- 
trical signals are in proportion to each other, for 
example. The prescribed value usually has a mar- 
gin, and Is appropriately set in the range. 

When the calibration of the photosensitive por- 
tions is finished in this manner (SP7), the sensitiv- 
ity setting portion 9 remains as it is and the scan- 
ning head 5 is again driven along the X axis (SP8). 
When the scanning head reaches the position of 
the original (SP10), the original 2 is scanned in the 
calibrated state to cany out the reading of the 
original (SP10). 

Once the reading of the original 2 is finished 
(SP11), the next original 2 is read after the re- 
calibration of the photosensitive devices is auto- 
matically carried out using the reference portion 3^ 
conrespondlng to the original 2, Originals 2, 2 are 
thus successively read with respective calibrations 
operations being cam'ed out whilst the rotary dnim 
1 is continuously rotated (SP12). 

The apparatus described baove employs a ro- 
tary drum. The present invention may, however, 
also be applied to a scanning reading apparatus of 
planar type which has become popular recently. In 
the planar type apparatus, originals are applied to 
an originals holder comprising a transparent glass 
upper frame and a lower plate, with calibration 
reference portions applied in the vicinity of respec- 
tive originals. 

In the above described embodiment of f=igure 
2. the calibration is canied out by adjusting the 
sensitivity of the photomultipiier tube. A solid state 
Image sensing device such as a CCD may however 
be employed as the photosensitive means, in 
which case calibration may be canied out by elec- 
trical processing such as control of the rate of 
amplification of the circuit amplifying the output 
signal of the CCD, Instead of the motorised control 
employed in the Rgure 2 embodiment 

In the above described embodiment the posi- 
tion information in the subscanning direction is 
obtained by a linear scale provided in association 
with the scanning head 5. If the drum is driven by a 
precision screw, the position information in the 
subscanning direction may be obtained by accu- 
mulating the detected number of rotations of the 
rotary drum 1. 

Although the position information for the cali- 
bration reference portions and of the originals is 
input with the scanning head aligned with the posi- 
tion in question in the described embodiment, this 
information may be input via the input means 16 
when the respective positions are set and known in 
advance. 

In addition, if the calibration reference portion 



has a predetermined area and is defined by two 
points in the X direction as in the case of the 
original, the scanning head need be stopped during 
calibration, the calibration being carried out be- 

5 tween the two points. 

In the above described embodiment the 
present invention is applied to an apparatus for 
scanning a colour original. The present invention 
may, however, be applied to an apparatus for scan- 

10 ning monochrome originals. In that case, the cali- 
bration is carried out such that the photosensitive 
means has a proper photoelectric conversion char- 
acteristic, as described in association with the pre- 
scribed value in the foregoing. 

IS An image scanning reading apparatus embody- 
ing the present invention may equally be applied to 
an apparatus which is directly connected to a re- 
cording apparatus for simultaneously carrying out 
reading and reproduction of the original or to an 

20 apparatus in which the read image signals are 
temporarily stored on a medium such as a mag- 
netic disc 23. 

The present invention thus enables the calibra- 
tion of the photosensitive means to be carried out 

25 while an originals holder Is being driven. Compared 
with the prior art, in which calibration is carried out 
with the originals holder stopped, the present in- 
vention therefore facilitates the automatic operation 
of the apparatus. The operation of efficiency of the 

30 apparatus can thereby be improved. 

Since tiie calibration of tiie photosensitive 
means is carried out with tiie originals holder being 
driven, the calibration is canied out under the same 
conditions as the colour separation of the original. 

35 Therefore, compared with calibration which is car- 
ried out with the originals holder stopped, more 
practical calibration of tine electrical circuits can be 
carried out. whereby precise colour separation can 
be achieved. 

40 The features disclosed in the foregoing de- 
scription in the following claims and/or in the ac- 
companying drawings may, both separately and in 
any combination thereot be material for realising 
the invention in diverse forms thereof. 

45 

Claims 

1. An image scanning and reading apparatus. 

50 comprising: an originals holder for supporting a 
plurality of originals and calibration reference por- 
tions which correspond to respective originals and 
serve as references in reading tiie conresponding 
originals; a scanning head for scanning the origl- 

55 nals holder optically to read the originals and cali- 
bration reference portions; scanning head position 
detecting means for detecting the position of the 
scanning head; storage means for storing tiie posi- 
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tions of the calibration reference portions: calibrat- 
ing means for calibrating the scanning head for 
reading an original in dependence upon the read- 
ing signal obtained from the respective calibration 
reference portion; and means for comparing the 
detected position of the scanning head and the 
stored positions of the calibration reference por- 
tions and actuating the calibrating means upon a 
coincidence between the detected and stored posi- 
tions. 

2. Apparatus according to claim 1> wherein the 
scanning head comprises illuminating means for 
illuminating tiie originals and calibration reference 
portions and photosensitive means for receiving 
light intensity signals from the originals and from 
the calibration reference portions; and the calibrat- 
ing means comprises means for calibrating the 
photosensitive means in dependence upon the light 
intensity signal received from the calibration refer- 
ence portion. 

3. Apparatus according to claim 2, wherein the 
photosensitive means comprises a photomultipiier 
tube. 

4. Apparatus according to calim 3. wherein the 
photomultipiier tube generates an output voltage 
corresponding to the light intensity signal, and the 
calibrating means adjusts the level of the output 
voltage. 

5. Apparatus accordfng to claim 2, wherein the 
photosensitive means comprises a CCD. 

6. Apparatus according to claim 2. 3 or 4. 
wherein the original is transparent and the illu- 
minating means illuminates the original with trans- 
mitted light 

7. Apparatus according to claim Z 3 or 4, 
wherein the original does not transmit light, and the 
illuminating means illuminates tiie original to c^tain 
light reflected therefrom. 

8. Apparatus according to any preceding claim, 
wherein tiie originals holder is cylindrical. 

9. Apparatus according to any preceding claim, 
wherein tiie scanning head position detectir^ 
means comprises a linear encoder. 

10. A method of calit>rating an image scanning 
reading apparatus in which a plurality of originals 
supported by an originals holder are scanned and 
read by a scanning head, comprising the steps of: 
storing the position of each of a plurality of calibra- 
tion reference portions supported by tiie originals 
holder and each serving as a reference in reading 
a corresponding original: starting the scanning; de- 
tecting the position of the scanning head; compar- 
ing the detected position of tiie scanning head and 
tiie stored positions of the calibration reference 
portions: upon detection of a coincidence between 
the position of the scanning head and tiie stored 
position of a calibration reference portion, detecting 
a reading signal from the calibration reference por- 



tion; calibrating tiie scanning head in dependence 
on the reading of signal obtained from the calibra- 
tion reference pportion; and reading the corre- 
sponding original by the tiius calibrated scanning 
5 head. 

11. A method according to claim 10. wherein 
tiie scanning head comprises photosensitive 
means, a light intensity signal from tiie calibration 
reference portion is detected and stored as a cor- 
70 responding electrical signal, and the photosensitive 
means is calibrated in dependence upon the stored 
electrical signal. 
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